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© A cubic molded article with a built-in cubic con- 
ductor circuit can be obtained by molding a cubic 
circuit substrate bonded to a frame into a desired 
shape as primary molded article of a thermoplastic 
resin, applying a metallic conductor coating to the 
entire surface or necessary part of the primary mol- 
ded article, fixing this primary molded article having 
the conductor coating on its surface to a mold for 
insert molding to form a secondary molded article 
which includes a sealed cubic conductor portion of 
the primary molded article and a frame portion ex- 
posed, and then cutting and removing the supporting 
frame. Large quantities of circuit components having 
a complicated cubic shape can be obtained. 
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Industrial Applicability 

The present invention relates to a synthetic 
resin-molded product incorporating three-dimen- 
sional conductive circuits in a sealed condition and 
also to a method of fabricating the molded product 
which is suitably applied to electric and electronic 
devices, such as connectors, IC packages and 
chassis incorporating printed circuit boards. 

Prior Art 

A common method of fabricating a resin-mol- 
ded product having conductive circuits sealed 
therein consists of first working a metal to form 
conductive circuits connected to a fixed frame and 
insert-molding the worked metal (lead frame). In 
making complex three-dimensional circuits, this 
method requires a series of cutting and other forms 
of machining processes because the circuits to be 
inserted are made of a metal. This method there- 
fore is very inefficient and economically not ad- 
vantageous. 

Methods of forming circuits on the surface of 
three-dimensional molds include an SKW method 
and a PCK method. In these methods, two materi- 
als with different metal-bonding performances are 
two-color molded to form a two-colored, molded 
product in which a part of the surface with a good 
metal-bonding performance that will form a con- 
ductive portion is distinguished by color from the, 
remaining part which does not bond to the metal 
and will form a non-conductive portion. Then the 
two-color molded product is subjected to treat- 
ments such as plating to form a metal layer over 
only that part of the resin surface corresponding to 
the conductive portion to produce a conductive 
circuit. With these methods, however, since a con- 
ductive metal film is formed on the composite 
product which was two-color molded beforehand, 
the fabrication of circuit is limited only to the sur- 
face of the molded product. Because the conduc- 
tive portion is exposed on the surface, it is sus- 
ceptible to damage due to wear. If the conductive 
portion is to be embedded in the mold, it is neces- 
sary to prepare a secondary mold which has 
through-holes for making a conductive circuit on 
the metal-adhesive resin portion and to bring the 
inner surface of the through-holes into contact with 
plating liquid to form the conductive metal film. 
This not only complicates the forming process but 
gives rise to another disadvantage that the through- 
holes formed in the mold are limited to simple, 
short, straight holes, making it impossible to con- 
tain the entire three-dimensional circuits of any 
complicated shape in the mold. Since there is a 
space remaining in the through-holes, the through- 
hole portions cannot be sealed completely. Further, 



since both of these methods perform treatments 
such as plating only after the two-color molding 
process, the plating liquid may enter the boundary 
between the two different materials and remain 
5 there for possible corrosion, or plating catalysts or 
liquid components may attach to the surface of the 
non-conductive part and enter into the interior 
thereof deteriorating the insulation of the mold. 

10 Disclosure of the Invention 

The inventors have conducted research and 
experiments to find a way of efficiently manufactur- 
ing a synthetic resin-molded product containing 
75 three-dimensional conductive circuits in a sealed 
condition and have arrived at this invention that 
overcomes the drawbacks of the conventional 
methods. 

This invention is concerned with a method of 

20 making a molded product incorporating three-di- 
mensional conductive circuits in a sealed condition 
and also with a three-dimensional molded product 
manufactured by this method. The method pro- 
posed by the invention consists of the following 

25 steps: first molding with a thermoplastic resin 
three-dimensional circuit patterns of a desired 
shape connected and secured to a fixing frame to 
form a primary molded product; coating the entire 
surface or a specified part of the surface of the 

30 primary molded product with a conductive metal to 
form a conductive portion on the surface; fixing to 
the die the primary molded product which was 
formed with the conductive portion on the surface; 
insert-molding the primary molded product with a 

35 secondary molding material to form a secondary 
molded product which buries and seals the three- 
dimensional conductive portion of the primary mol- 
ded product, with the fixing frame portion exposed; 
and then cutting off the fixing frame. 

40 

Brief Description of the Drawings 

Figure 1(a) is a perspective view of a primary 
molded product secured to a fixing frame which 
45 forms circuit patterns; 

Figure 1(b) is a cross section taken along the 
line X-X of Figure 1(a); 

Figure 2 is a cross section of the primary mol- 
ded product (Figure 1) coated with a metal layer 

so on its surface; 

Figure 3(a) is a perspective view of a composite 
molded product made by further molding the 
metal-coated primary molded product in such a 
way as to bury the conductive portion under the 

55 second molding material; 

Figure 3(b) is a cross section taken along the 
line X-X of Figure 3(a); 

Figure 4 is a perspective view of a composite 
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molded product (a final product) Incorporating 
three-dimensional conductive circuits in a sealed 
condition with the frame removed; and 
Figure 4(b) is a cross section taken along the 
line X-X of Figure 4(a). 

1 Circuit patterns as the primary molded 
product 

2 Fixing frame for the primary molded prod- 
uct 

3 Metal film (conductive circuit) 

4 Secondary molded portion 

5 Terminals of the conductive circuits (plain 
terminals for solder connection) 

5' Terminals of the conductive circuits 
(recessed terminals for receiving the mat- 
ing terminals) 

Now, the method of this invention will be de- 
scribed by referring to the attached drawings. 

The primary molded product or circuit patterns 
are made of a thermoplastic resin that has a good 
metallic film bonding performance and is formed 
into a desired shape of circuit patterns /, which are 
connected to a fixing frame 2. This circuit patterns 
are formed by injection molding. The primary mol- 
ded product may consist of a large number of 
circuits integrally connected to one frame. The 
resin material used may be of any kind as long as 
it has a good metal-adhesiveness. But in terms of 
mass-productivity a thermoplastic resin is advanta- 
geous. It is also preferable to add the thermoplastic 
resin with various kinds of additives to enhance the 
resin's ability of bonding to metal that is coated 
over the primary product's surface in the next 
process. The additives may include inorganic fillers 
that give an anchor effect of increasing the metal- 
bonding ability as well as catalysts for plating. 

It is also preferred that the resin material used 
have good mechanical properties, particularly high 
mechanical strength, and also high melting point 
and high rigidity so that it can retain the exact 
shape it is formed into and that it will not easily 
deform or break when subjected to heat and exter- 
nal force during the secondary molding process. 
The suitable resins that meet these requirements 
include such thermoplastic resins as liquid crystal 
polymers (for example, liquid crystal polyester), 
polyarylene sulfide, polyacetal, and polyalkylene 
terephthalate. The liquid crystal polyester and poly- 
phenylene sulfide are particularly useful because 
they can be formed into a significantly fine or thin 
circuit pattern. 

The primary molded product may be given 
surface treatment that is suited for the resin ma- 
terial to enhance its metal-bonding performance 
and thereby ensure that the metal film firmly at- 
taches to the surface of the primary product in the 
next process. The surface treatments may include 
chemical etching using acid and alkaline liquids 



and physical surface treatments such as corona 
discharge or plasma treatment. 

The primary molded product then undergoes a 
coating process where the entire surface of the 

5 primary product or at least parts of the surface that 
require conductivity ( 1 of Figure 1 ) are coated with 
a metal film or layer 3. The formation of the metal 
film 3 may be done by other known means than 
plating, such as sputtering, vacuum evaporation, 

10 ion plating, transfer, and painting of conductive 
agent. The most commonly used method is plating. 
The quality and thickness of the metal layer is 
determined according to the purpose of the prod- 
uct. 

is The primary molded product (Figure 2) coated 

with a conductive metal layer is then subjected to 
surface-cleaning and drying processes as required 
before proceeding to the secondary molding pro- 
cess. 

20 In the secondary molding, the primary product is 
supported in place on the die by the frame 2 t and 
then injection-molded (or insert-molded) with the 
secondary material so that the specified parts of 
the conductive portions 7, 3 are buried in a secon- 

25 dary molded product of a desired shape, with the 
terminals 5 and the frame 2 left exposed. 

The secondary molding material is not limited 
to a particular one but any material may be used 
whose properties fit the use of the circuit compo- 

30 nent. Considering the ability of fusing with the 
primary product and bonding to the metal layer, 
the secondary molding material should preferably 
be of the same or similar kind of the primary 
molding material and also have a melting point 

35 almost equal to or lower than that of the primary 
product to prevent deformation of the conductive 
portions /, 3 of the primary product. The melting 
point of the secondary molding material must not 
be significantly higher than that of the primary 

40 product. It is also desired that the secondary mold- 
ing material have a good fluidity. 

With the metal-coated conductive portions 1, 3 
buried by the secondary molding, the secondary 
product (Figure 3) is cut and removed of the fixing 

45 frame 2 to form a final product of a desired shape 
(Figure 4) incorporating three-dimensional conduc- 
tive circuits sealed therein. 

In the final product, the exposed terminal 5 
may either be formed to have a recessed portion 

so like 5' into which the mating terminal is fitted, or 
formed into a plug that is fitted into the engage- 
ment recess of the mating terminal. The exposed 
terminal 5 may also be connected by solder. By 
connecting a large number of circuit patterns to a 

55 single frame, the primary molded product can have 
a large number of integrally molded independent 
circuits. When the circuit patterns to be formed are 
complex or when a large number of circuit patterns 
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are formed close to each other, or when it is 
difficult to form the circuit patterns integral with a 
single frame, these circuit patterns may be con- 
nected to two or more frames and molded as 
multiple primary products, which in turn may be 
combined and supported on the secondary mold- 
ing die and then molded into a final product con- 
taining these complex circuits. 

The method of this invention and the molded 
product incorporating three-dimensional circuits 
fabricated according to this invention have the fol- 
lowing advantages over the conventional method. 

1. Since the circuit patterns / and the support 
frame 2 are integrally molded by injection mold- 
ing, complex three-dimensional circuit patterns 
can be produced in large numbers, providing far 
better efficiency and economy than when the 
circuit patterns are formed by working the metal. 

2. A product incorporating a large number of 
independent, complex, three-dimensional circuit 
patterns can be easily obtained. 

3. As with the SKW method, the circuits are not 
exposed, so that they are protected against 
abrasion. 

4. The SKW method requires that a clear dis- 
tinction be made between the two materials of 
the two-color molded product in depositing a 
metal layer over one of them as by plating. 
Hence the SKW method needs delicate selec- 
tion of plating conditions. The present invention, 
however, needs only to deposit a metal layer 
over the entire surface of the primary product, 
eliminating the plating condition selection pro- 
cess and thereby making the formation of metal 
layer very simple and easy. 

5. With the SKW method, a conductive metal 
layer is formed as by plating over the selected 
portion of the two-color molded product, so that 
the plating liquid may enter the boundary be- 
tween the two different materials for possible 
corrosion. With this invention, the metal layer is 
deposited over the primary molded product as 
by plating to form a conductive portion and, 
after being thoroughly cleaned and dried, is 
subjected to the secondary molding whereby 
the conductive portion is buried under the sec- 
ondary molding material. Hence, there is no 
possibility of the plating liquid entering the 
boundary and corroding the product as exper- 
ienced with the SKW method. Since the non- 
conductive portion is formed only after the metal 
layer is formed on the primary product, the 
plating liquid is prevented from polluting the 
mold or deteriorating the insulation resistance. 

Embodiment 

One embodiment of this invention will be de- 
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scribed in detail by referring to the accompanying 
drawings. It is noted that the invention is not limited 
to this embodiment alone. 

5 [Embodiment 1 ] 

A resin composition with a good metal-bonding 
ability (plating ability) consisting mainly of liquid 
crystal polyester (trade name: "Vectra" made by 

10 Polyplastics K.K.) was injection-molded to form a 
primary product which has a plurality of circuit 
patterns connected to the frame (Rgure 1). Next, 
the primary product was degreased and then 
etched over its almost entire surface by KOH aque- 

7s ous solution. After this, it was neutralized by HCi 
aqueous solution, followed by washing with water. 
It was then surface-activated by a catalyst (trade 
name: "Catalyst A-30 w made by Okuno Seiyaku 
Kogyo K.K.) and immersed in a chemical copper 

20 plating liquid comprising copper sulfate and assis- 
tant to copper-plate the surface of the primary 
product (Figure 2(b)). The plated primary product 
(Figure 2(b)) was thoroughly washed and dried, and 
then mounted to the secondary molding die and 

25 molded using a liquid crystal polyester to bury and 
seal the circuit portions (1 and 3) but leave the 
frame exposed. A secondary molded product of a 
desired shape was injection-molded (Figure 3). 
Then the exposed frame 2 protruding from the 

30 primary molded product was cut off to provide a 
final composite molded product which incorporates 
three-dimensional metal conductive circuits (Figure 
4). 

The composite product thus obtained contains 
35 and seals therein a large number of three-dimen- 
sional circuits (in this case only four circuits are 
shown combined, for simplicity) but is relatively 
small. This product is therefore suitably applied as 
an electric equipment component (such as connec- 
40 tor). 

Claims 

1. A method of manufacturing a molded product 
45 incorporating three-dimensional conductive cir- 

cuits in a sealed condition, comprising the 
steps of: 

molding a thermoplastic resin into three- 
dimensional circuit patterns of a desired shape 
so connected and fixed to a frame as a primary 

molded product; 

coating a metal layer over the entire sur- 
face of the primary molded product or at least 
over a part of the surface that requires con- 
55 ductivity to form a conductive portion; 

fixing to a die the primary molded product, 
which has the conductive portion formed over 
the surface; 
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insert-molding the primary molded product 
with a secondary molding material to form a 
secondary molded product which buries and 
seals the three-dimensional conductive portion 
of the primary molded product with the frame 5 
left exposed; and 

cutting and removing the fixing frame. 

A method of manufacturing a molded product 
incorporating three-dimensional conductive cir- 10 
cuits in a sealed condition as claimed in claim 
1, wherein said metal layer on the primary 
molded product is formed by plating, sputter- 
ing, vacuum evaporation, ion plating, transfer, 
or painting of conductive agent. 75 

A method of manufacturing a molded product 
incorporating three-dimensional conductive cir- 
cuits in a sealed condition as claimed in claim 
1, wherein said primary molding material for 20 
forming the three-dimensional circuit patterns 
is a thermoplastic resin or its composition that 
can bond to the metal layer. 

A method of manufacturing a molded product 25 
incorporating three-dimensional conductive cir- 
cuits in a sealed condition as claimed in claim 
1, wherein said secondary molding material is 
a thermoplastic resin or its composition. 



A molded product incorporating three-dimen- 
sional conductive circuits in a sealed condition, 
which is formed according to the method of 
claim 1. 
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